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Abstract 

The production of W + W~ pair in hadron colliders was calculated up 
to loop corrections by some authors in the Electroweak standard model 
(SM) framework. This production was also calculated, at the tree level, in 
some extensions of the SM such as the vector singlet, the fermion mirror 
fermion and the vector doublet models by considering the contributions of 
new neutral gauge bosons and exotic fermions. The obtained results for 
e + e~ and pp collisions pointed out that the new physics contributions are 
quite important. This motivates us to calculate the production of a more 
massive charged gauge boson predicted by the 517 (3)c X SU (3) l x U(1)x 
model (3-3-1 model). Thus, the aim of the present paper is to analyze 
the role played by of the extra gauge boson Z' and of the exotic quarks, 
predicted in the minimal version of the 3-3-1 model, by considering the 
inclusive production of a pair of bileptons (V^) in the reaction p + p — > 
V + + V~ + X, at the Large Hadron Collider (LHC) energies. 

Our results show that the correct energy behavior of the elementary 
cross section follows from the balance between the contributions of the 
extra neutral gauge boson with those from the exotic quarks. The extra 
neutral gauge boson induces flavor-changing neutral currents (FCNC) at 
tree level, and we have introduced the ordinary quark mixing matrices for 
the model when the first family transforms differently to the other two 
with respect to SU (3) l ■ We obtain a huge number of heavy bilepton pairs 
produced for two different values of the center of mass energy of the LHC. 
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1 Introduction 



The gauge sector of the Standard Model (SM), has been extensively tested by 
LEP, SLD and Tevatron experiments. Among these tests, the production of 
W pairs is important because it is quite sensitive to a balance between s— 
and t— channel contributions. The gauge boson pair production can also reveal 
the nature of the triple gauge coupling, but until now there is no evidence 
of the existence of anomalous gauge couplings. In fact, the analysis of the Z 
transverse momentum distribution in the process p + p — ► W + Z + X — ► 
£' + ft + £ + £ (£ and £' are electrons and muons) at Tevatron {^fs = 1.96 
GeV) gives a more restrict limit on the WWZ coupling parameters pQ. They 
are: -0.17 < \ z < 0.21 (An z = 0) and -0.12 < Ak z < 0.29 (X z = 0) 
assuming that Agf = Ak z . The effective Lagrangian with the parametrization 
of anomalous couplings involving WW'y and WWZ is found in Ej Ej . 

The standard model W + W~ , Z° Z° production in e + e~ and in hadron col- 
liders was studied in [H El El [7], for example; the authors have shown that the s— 
and <— channels balance in W + W~ production is essential for the good behavior 
of total cross sections. Such behavior must be preserved when the cm. energy 
of colliding particles increase (y^s 3> M z ) probably producing new particles, 
which appear in many extensions the SM or alternative models El El [TU1 EH E2] . 
For example, the W + W~ production in linear and hadron colliders was ana- 
lyzed in some extensions of the SM which have the same gauge boson content 
but where the fundamental matter representation includes new exotic fermions 
(very massive leptons and heavy quarks) [13] ; using the unitarity constraint the 
authors determined some relations between model parameters |14j . In the same 
context, the new neutral gauge boson contribution for left-right models in e + e~ 
collisions was analyzed |15| . 

At high energy, the production of ordinary or exotic gauge boson pair can 
be studied from alternative models with a large particle spectrum. The boson 
pair production takes place through standard and new gauge bosons s-channel 
contribution and from f-channel exchange of ordinary or new fermions. For 
these models the number of triple gauge couplings increase and high energy 
processes can also reveal anomalous couplings, excluded in a previous analysis 

We are exploring the phcnomenological aspects of an alternative to the SM 
based on the SU(3) C x SU(3) L x U(l) x gauge symmetry (3-3-1 model) E3 
HH1 US EH] which predicts new very massive particles mixed to the observed 
states. Together with the exotic fermion content and an extra neutral gauge 
boson, the model includes gauge bosons carrying lepton number equal 2, called 
bilepton [5T], that also occur in SU(15) grand unified theories [52]. There exist, 
in the literature, the supersymetric extension of the model |23j and several 
phcnomenological consequences of the model are being explored [24] . 

Let us outline some features of the model considered in this paper. Although 
at low energies the model coincides with the SM, it offers an explanation for 
basic questions such as the family replication problem and the observed bound 
for the Weinberg angle - The family problem is solved by considering the 
model anomaly cancellation procedure, requiring that the number of fermion 
families must be a multiple of the quark color number |26j . Considering that 
QCD asymptotic freedom condition is valid only if the number of families of 
quarks is less than five, one concludes that there arc three generations. On 
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the other hand, to keep the validity of perturbation calculation, one obtains 
a bound for the Weinberg angle at each energy scale fi, (sin 2 Owi^) < 1/4) 
this constraint follows from the coupling constants (gu(i)i 9su L (3)) ra ti°- The 
experimental value of sin 2 6 'w(Mz) — 1/4 leads to an upper bound associated 
with the spontaneous SU (3) l symmetry breaking [27J HH] , which implies directly 
on a restriction on exotic boson masses 

Working with two versions of the 3-3-1 model, we have analyzed the e + + 
e~ — > / + / , (where / denotes ordinary leptons or quarks) for ILC energies in 
order to establish some signatures of the extra neutral gauge boson Z 1 existence 
and to obtain lower bounds on its mass. The obtained bounds were confirmed 
by extending our analysis to pp and pp collisions |30j . In another publication, we 
have included the Z' contribution to the production of a pair of double charged 
bileptons in e + e~ for ILC energy [3T]. The beginning of activities of the LHC, 
operating at high energy, opens the search for new discoveries. Among these 
findings one expect the presence of some signatures for new particles as those 
predicted by the 3-3-1 model, in particular new gauge bosons, bileptons and 
exotic quarks. 

In the present paper we analyze the production of a pair of single charged 
bilepton (V A± ) at the Large Hadron Collider (LHC) at CERN with > 10 TeV, 
through the process p + p — ► V + + V~ + X, where s— channel contributions 
come from 7, Z and Z' and where t— channel includes only the exotic quarks 
contributions. Our calculation is performed at the tree level employing parton 
distribution functions [32] in a Monte Carlo code. 

In the section II we review the basic aspects of the minimal version of the 
3-3-1 model. In the section III we present the calculation of q + q — > V + + V~ 
cross section as well as the final results for p + p — > V + + V~ + X adding some 
comments of our results. Finally, in the section IV, we present the conclusions 
of our work. 

2 Model 

In the 3-3-1 model the electric charge operator is defined as: 

Q = T 3 + f3T s +XI (1) 
where T3 and Xg are two of the eight generators satisfying the ST/ (3) algebra 
[T i ,T j }=if i!j , k T k i,j,k = 1..8, (2) 

I is the unit matrix and X denotes the U(l) charge. 

The electric charge operator determines how the fields are arranged in each 
representation and depends on the (3 parameter. Among the possible choices, 
[3 = — [TTJUHj corresponds to the minimal version of the model that is used 
in the present application. 

The lepton content of each generation (a = 1, 2, 3) is: 

V'aL = K la l a )I ~ (1,3,0), (3) 

where i c a is the charge conjugate of £ a (e, /i, r) field. Here the values in the 
parentheses denote quantum numbers relative to SU(3)c, SU(3)l and U{\)x 
transformations. 
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In order to cancel anomalies, the first quark family is accommodated in 
SU(3)l triplet and the second and third families (m = 2, 3) belong to the anti- 
triplet representation, as follows: 

Qil = (ui di Jif L ~ (3,3,2/3), 

QmL = {d m u m j m f L ~ (3, 3*, -1/3) . (4) 

u aR ~ (3,1,2/3), d aR ~ (3, 1,-1/3), 

J 1R ~ (3, 1, 5/3) , j mJ? ~ (3, 1, -4/3) , (5) 

where a = 1, 2, 3 and Ji, j'2 and j'3 are exotic quarks with respectively 5/3, —4/3 
and —4/3 units of the positron charge (e). 

This version has five additional gauge bosons beyond the SM ones. They are: 
a neutral Z' and four heavy charged bileptons, Y ,V with lcpton number 
L = =p2. In order to avoid model anomalies, only one quark family must be 
assigned to a different SU (3) representation, but this procedure does not specify 
what is the family to be elected [33] . We will comment, in the conclusion section, 
about the consequences of our choice where the first family is treated differently 
from the other two. 

The minimum Higgs structure necessary for symmetry breaking and that 
gives quark and lepton acceptable masses are composed by three triplets (x, p, 
rf) and one anti-sextet (S). The neutral field of each scalar triplet develops non 
zero vacuum expectation values [v x , v p , v^, and vs) and the breaking of 3-3-1 
group to the SM is produced by the following hierarchical pattern: 

SU L (S) ® U x (l) ^ SU L (2) ® U Y (1) <v ^ vs> Ue . m (l). 

The consistency of the model with the SM phenomenology is imposed by fixing 
a large scale for v x , responsible to give mass to the exotic particles (v x 3> 
v p , v v , v s ), with v 2 p + ^ + v% = vfy = (246) 2 GeV 2 . 

In the minimal version, the relation between Z' , V and Y masses [34l [29] is: 

My M Y V3" — 12 sin Qw 
Mz7 ~ ~ 2 cos 6 W ' 

This special constraint respects the experimental bounds that, even being a 
consequence of the model, is not often used in the literature. We keep this 
relation through our calculations. For example, this ratio is ~ 0.3 for sin 2 9w = 
0.23 [35], so that Z' can decays into a bilepton pair. 

The interactions of quarks and neutral gauge bosons are described by the 
Lagrangian: 

Cnc = J2 e<?i*i ~ \ 7 M {gv t ~ <?a,7 5 ) *< ^ 

* — * Z COS u\y 

i 

(ffvi-fl^7 B )*i^,}. (7) 

where eqi is the quark electric charge and gy t , gA t , g'y. and g' A . are the quark 
vector and axial-vector couplings with Z and Z 1 respectively. 

As referred before, in the 3-3-1 model, one family must transform with re- 
spect to SU(3) rotations differently to the other two. This requirement mani- 
fests itself when we collect the quark currents in a part with universal coupling 
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with Z' similar to the SM and another part corresponding to the non-diagonal 
Z' couplings. The transformation of these non diagonal terms, in the mass 
eigenstates basis, leads to the flavor changing neutral Lagrangian 

Cfcnc = . 9COS0W -. (u L j^Ut BU L U L + D L ^ v{ BV L D L ) Z'. (8) 
^3- 12 sin 2 W V ' 



where 



U L = {u c t)l , D L = {d s bf L and B = diag (1 0) 



The mixing matrices U (for up- type quark) and V (for down-type quark) , that 
give raise to the quark masses, come from the Yukawa Lagrangian and are 
related to the Cabibbo-Kobayashi-Maskawa matrix, as 

U^V d = V C KM, (9) 

By convention, in the SM, it is usual to assume that for up-type quark the 
gauge interaction eigenstates are the same as the mass eigenstates, which corre- 
sponds to U u = I. This assumption is not valid in the 3-3-1 model because, in 
accordance to the renormalization group equations (RGE) , all matrix elements 
evolve with energy and are unstable against radiative corrections. It turns out 
that U u must be ^ I. As the Eq. (9) is independent of representation, one is free 
to choose which quark family representation must be different from the other 
two. We recall that our choice was for the first family to belong to the triplet 
ST/(3) representation. In the next section we will discuss the consequences of 
our choice. 

All universal neutral couplings diagonal and non-diagonal are presented in 
the Tables 1 and 2 respectively. 

The dominant couplings between ordinary to exotic quarks are driven by 
single charged bilcpton as follows: 

C C c = -^[d^(l~^)(V 21 j 2 +V ai is) + 7i7"(l -7 5 ) u]V+. (10) 

where V21, V31 and Uu are mixing matrices elements (Eq. (9)). 

In addition to the SM gauge boson Lagrangian the trilinear terms used in 
the present work are: 

C„ = -igsmOw [A"(V-V+» - V+V-») + A^V^V +V ] 

+ ^ {cos9 w +3sin0 w t&n6 w ) [Z v (V-V +fl - V+V'^ + Z^y-^V +U ] 



,-1^3(1 - 3tan 2 M {Z ,v {V; v V+» - V+V^) + Z^V^V +V ] , (11) 

where B^ = d^B v - d v B^ with B = A, Z, Z' and V ± . 

Finally, one of the main features of the model comes from the relation be- 
tween the 5C/l(3) and couplings, expressed as: 

g' 2 sm 2 9 w 



g 2 1-4 sin 2 9 



that fixes sin 2 9w < 1/4, which is a peculiar characteristic of this model, as 
explained in the Introduction section. 
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Vector Couplings 


Axial- Vector Couplings 


ZuiUi 


1 4 sin 2 8 W 

2 3 


1 
2 


Zdj dj 


1 2 sin 2 9 W 
1 — 

2 3 


1 

~2 


Z'uiUi 


1-4 sin 2 d w - Italia cos 2 9 W 


- 1 - 4 sin 2 0w + U^Uu cos 2 W 


x/3- 12 sin 2 W 


^3 - 12 sin 2 9 W 




1 + 2 sin 2 e w - V* Vjj cos 2 e w 


-1 + 2 sin 2 9 W + V: ; V, , cos 2 6» w 


^3 - 12 sin 2 6»vk 


V3 - 12 sin 2 W 



Tabic 1: The Z and Z' vector and axial- vector couplings to quarks (u± — u, ui = 
c, U3 = t, and d\ = d, = s, d$ = b) in the Minimal Model; 8w is the Weinberg 
angle and Uu and Vjj are U and V diagonal mixing matrix elements. 

3 Results 

In this paper we focus on the bilepton (V^) pair production in pp collision at 
LHC. This particle is predicted in many extensions of the SM and in particular in 
the 3-3-1 model that was used in the present paper. We restrict our calculation 
to a version of the model where the bilepton mass is related to the mass of the 
extra neutral gauge boson Z' also predicted in the model, by the Eq. (6). 

We fix the exotic quark masses (Ji,j2 and j'3) to be 600 GeV and for the 
V A± mass wc use a set of values compatible with the findings related to the 
Z — ► bb |36j . where the authors obtained the allowed region for exotic quark 
and bilepton masses, through the deviation between the SM calculation and the 
experimental data. We adopt the Z' mass in the range from 800 to 1200 GeV, 
which is in accordance with accepted bounds |35j . All these values are shown 
in the Table 3. 

The group structure of model is such that bileptons couple ordinary to exotic 
quarks and leptons (e, [i and r) with their neutrinos. In the hadronic channel 
the bilepton can decay in d— type quark with ^'2,3 and u— type quark with J\. 
However, for the range of extra neutral gauge boson mass considered here the 
only decay mode is leptonic because the exotic-quark ordinary-quark channel 
will only opens when Mz> = 2 TeV, associated with a bilepton heavier than 600 
GeV. In contrast with W, which decays into vi + 1 where I is emitted softly, the 
leptons coming from bilepton carry high transverse momentum. This signature 
can be used to disentangle the processes of bilepton pair production from W 
pair production. 

In order to calculate the total cross section for bilepton pair production we 
start by considering the elementary process, + qi — ► V + + V~ = u, d), 
taking into account all contributions: 7, Z and a new neutral gauge boson Z' 
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Vector Couplings 


Axial- Vector Couplings 


Z'cu 


Wj 2 U\\ COS 2 8yy 


U^ 2 U\i cos 2 8 w 


^3 - 12 sin 2 Q w 


V3 - 12 sin 2 8 W 


Z'tu 


U* 3 U\\ cos 2 8 w 


W* 3 Wn cos 0vk 


^3 - 12 sin 2 9 W 


^3 - 12 sin 2 W 


Z'tc 


W*3 U12 cos 2 8w 


Wj 3 U12 cos 2 8w 


^3 - 12 sin 2 6 W 


V3 - 12 sin 2 8 W 


Z'ds 


Vj" 2 Vn cos 2 (?via 


V* 2 Vn COS 2 6vy 


^3 - 12 sin 2 W 


V3 - 12 sin 2 % 


Z'bd 


Vj*3 Vn cos 2 8 w 


V* 3 Vn cos 2 8 w 


y/3 - 12 sin 2 6» w 


^3 - 12 sin 2 8 W 


Z'bs 


Vj* 3 V12 cos 2 8 w 


Vj* 3 V12 cos 2 8 w 


^3 - 12 sin 2 8 W 


V3 - 12 sin 2 8 W 



Table 2: The flavor changing vector and axial- vector couplings to quarks (u- 
and d-typc ) induced by Z' in the Minimal Model. 



in the s— channel and exotic heavy quarks Qj (Ji, j2 and j'3) in the t— channel, 
as displayed in the Figure 1. At the beginning of our calculation, we have taken 
into account the heavy quark and Z' widths, however we have verified that our 
results do not depend on the heavy quarks width then we keep only Z' width in 
all calculations. We perform the amplitude algebraic calculation with FORM 

The elementary differential cross section obtained, as a function of kinemat- 
ical invariants (s, t, u), can be computed, for k, I = 7, Z. Z 1 and Qj — Jx,j2 
and J3, as: 

da 2ira 2 v-^ 

Z = — 1> (13) 
We present below the amplitudes (B^i) corresponding to the diagrams shown 
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in the Figure 1: 

B~ n = (eqi) 2 A(s,i,u) 

Bzz = ( e -§) 2 [g v + g\] A%A(s,t, 



B~ (Z = -2eqi g v A z A(s, t, fi) 

B Z , Z , = (^) 2 (g'Z + g'l) A%,A(s,i,u) 
G' 2 e z 

Bz'Qj = 2sgn(eq l )—^- — [g' v (a 2 + b 2 ) - 2a j b j g' A ] A z > Ji(s,£,fi) 

Bzz' = - (J) (J) (9a9'a + 9v9v) ^zA z > A(s, t, fi) 
G' 2 

•^tQj = ~"2e.<lisgn{eqi)—^- [a 2 + b 2 ] h{s,i,u) 

B QjQj = ~%T [\ a i + b J+ 6 ("AO') Ms, 1 fi) + M£, (a 2 - b 2 ) 2 E H (s, t, fi) 
G' 2 ez 

BzQj = 2sgn(eq l )—^- — [g v (a 2 + b 2 ) - 2a j b j g A ] A z h(s,i,u) 



B lZ , = -2e qi ^ g' v A z > A(s, t, fi) (14) 

where Mz, M' z are the neutral gauge boson masses and T Z ' is the Z 1 width; 
dj and bj are the ordinary quark-exotic quark-bilcpton couplings (ctj = bj = 1), 

G' = ^=V" ' ; . A. = and A z < = 



The trilinear coupling constants ez and ez' are: 



e 1 + 2 sin , 

— 12 sin 

ez = o^~5 a~ and ez ' = o — ^"5 Z ' 

2 sm t)w cos Wvy 2 sin Ow cos 6>vy 

The functions A(s,t,u), E(s,t,u) and I(s,t,u) are: 



-A(s, i, fi) 
/(s, i, u) -- 
E(s,i, fi) 



< 
fi i 

u t 



M 2 



Ml 
2s 

My 



r- 



3M V \ 
s 2 ) 


s 

+ Mj 


-4 




s 


2M 2 


St J 


K + 


i 


s 






+ Mj> 







(15) 
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and the functions originated by exotic quark contributions are: 

t 



E\(s, t, u) 



Ii(s,i,u) = 



E 2 {s,i, u) 



E H (s,i, u) 



t-M 2 



E(s,t, u) 



t 



t-M 2 



I(s,i, u) 



t 



t-M 2 



t 



t-M 2 



E(s, t, it) 



2 r a,t2 



Mi ( ut 



t 2 Km* 



- 1 



S (\ My 



Mt U t 2 



.(16) 



We have performed the t integration within the limits: t m i n = M 2 + M 2 — 
s/2(l - (3(-l + cos9)) and i max = M v + M 2 - s/2(l - 3(1 - cos0)), where 
My, M q and Mq are the bilcpton, ordinary and exotic quark masses and the 
definition 

J(s-AM 2 )(s-4M 2 ) 

8 = X ; • 

s 

For short we call X = j X(s,t,u) di, where X = A, E, I, I\, E\, E 2 , Eh 
and X = A, £, 2, I\, £\, £2, £h- 



£=(3s[-2 + 



5 s 



6M 2 24 M v 



1 5s 



and 



(s-2M v )L x 



2 = 3 (s-2Ml) . 

VJ [ 2 6 Ml 24 Mf 



(2 S + My) My 



(17) 



£1 = - 



8s 

4My 



Mq + (I - My) Ml + Um v - 3sM v + ^(P 2 - 3)) 



4My 



K 

M 2 
M 8 

Mq + (s- 2M V )M* + (5M V - AMys) M 2 Q - 4(2M 2 - s)M v + 



L, 



My 



2M 2 



3s 

IM* 



Mr 



2s 
M 2 



j M 2 Q + s-2M, 



■ [24 Mq + 30 ( s - 2 My) M$ + (96 My - 68 My s + 5 s 2 ) Mq 

S 3 - 94 My S + 18 My S 2 + 108 My) Mq - My S 2 + 48 My — 20 My s] 



£ H = j[8 (s — 4 My) Mq + 4 (16 My - 10 M v s+ s 2 ) Mq - 32 My -8 My s 2 
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+36 My s + s 3 - s 3 f3 2 +AM v s 2 (3 2 } 



2 My 



(4 My - 4 Mq My + Mq s-2 My s) L n 



's-2M 2 )M% r , . M% 

v > -Lt), - [/? (s - 2 M v ) - (s - 4 M 2 )L^ 



where: 



and 



AMyS 



2(3 [M v ---M v s\- 



M 2 (4 s 2 - 6 M?r - 5 M 2 s) 



4 My 



UMyS 



W - 



i M 2 (2s + M 2 ) 



4-My 
(18) 



In 



s/3 



'2 A/2 - 2M- 



v 



s/3 



2 M 2 -2 M 



v 



s/3 



8 My (m% + (s - 2 My) Af2 + A/^ 
The crossing relation for the functions coming from t and u channels gives, 



E(s,t,u)dt = J E(s,u,i)du 
I(s,t,u)dt = / I(s,u,t)du 



In order to obtain the elementary total cross section for each parton in the initial 
proton, we sum the contributions Bi m integrated over t, 



. da - 

Oqq = I —dt = 



dt 



l in 



Bl m dt 



It is well known that in the SM the correct behavior of the total cross section 
at high energy for charged gauge boson pair production is extremely dependent 
on the balance between s- and i-channel contributions [38], as can be seen in 
the Figure 2, which shows the elementary cross sections (uu and dd) for W 
pair production. In fact, the renormalizability of the theory is translated into 
the cancellation between these contributions at high energy. For some models 
the new neutral boson and/or exotic fermion contributions can guarantee this 
delicate cancellation [TB] , 

Let us discuss how this comes about for the present model where there are 
two non standard contributions: Z' and exotic quarks. We present in Figures 3 
and 4 some individual amplitudes Bij (Eq. 14) that correspond to the elemen- 
tary sub-processes, uu and dd for Mz> = 800 GeV. In the Figure 3 we plot the 



main contributions (Bz'z 1 , Bzz, B 11 , Bzz 1 , B 



? 7 z, BQ jQj ). We do not display 
the remaining interferences {B-^z 1 , BzQj , B 1 Q j , Bz'q^ ) , that get values between 
B^z' and Bq^q.. In the Figure 4, we show the similar relevant contributions 
for dd with one additional exotic quark. We omit the curves corresponding to 
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By Z ' — -B 77 , B Z q 1 + B Z q 2 ^ Bq 1 q 1 + Bq 2 q 2 + Bq 1 q 2 , B 7 q 1 + B 1 q 2 ~ B lZ , 
Bz'Q x + Bz'Q 2 < Bzz'- One can observe again the large extra gauge boson 
(Bz'Z') component and the tiny exotic quark and interference contributions. 

Let us show in the Figure 5 the bad behavior in energy for the elementary 
cross section when we consider only the neutral boson contributions (7, Z and 
Z'). One can see clearly that, when the energy increases, the uu sub-process 
violates softly the unitarity behavior (only visible for > 4 TcV) and, on 
the other hand, dd leads to a more drastic violation. As expected, the dd 
process is more sensitive than uu, because dd channel receives more exotic quark 
contribution. This behavior imposes to add the exotic quark contributions (via 
t) involving the charged current. The amplitudes balance has to occur between 
the exotic quark (via t) and the s— channel. 

Besides, this cancellation requires to take into account the mixing between 
the quark eigenstates respecting the constraint given by Eq. (9). The quark 
mixing depends on what family must belong to a different SU (3) l represen- 
tation. Working in the minimal version |17j . where the first family is in the 
SU(3) triplet representation, it is possible to obtain mixing parameters com- 
patible with Eq. (9) and restoring the correct high energy behavior. There is no 
paramctrization, in the literature, for U matrix elements, however some limits 
for V elements have been obtained from Z' rare decay bounds in [SU EH E] • 
We cannot exclude the possibility that another choice of mixing parameters 
would provide a correct energy behavior, when the third quark family is treated 
differently. 

The Figures 6 and 7 show the elementary q + q — ► V + + V~ total cross sec- 
tion for the set of quark mixing parameters: Uu = 0.1349989, Vn = 0.900542, 
V12 = 0.1009984 and V31 = Vn. In these figures we have used three values for 
M z > = 800 GeV, 1000 GeV and 1200 GeV for M Q = 600 GeV. It can be noted 
the good behavior of the elementary cross sections presenting a peak around the 
Z' mass and becoming broader and smaller as Z' mass increases. This range of 
values relies on our previous work [30] where we have establish bounds on Z' 
mass in two versions of 3-3-1 models for e + e~ and hadron colliders, obtaining 
results that are compatible with experimental bounds. Here we consider the 
constraints given by Eq. (6). We display in the Table I some values for Mz>, 
T z >, M v and T v . 

The total cross section for p+p — ► V + + V~ +X is obtained integrating the 
elementary total cross section weighted by the distribution function for partons 
in hadron (proton) [32] . 

a(p + p^V + + V~ +X) = J2 [ [ dx 1 dx 2 Mx ll Q 2 )f J (x 2 ,Q 2 ) a qq . 

- ■ J thr J thr 

To obtain more realistic results, we have applied an angular cut on the angle 
between the final bilcptons with respect to the initial beam direction, \rj\ < 2.5. 

The final results are displayed in the Figure 8, where the total cross section 
is plotted as a function of the bilepton mass. We consider two energy regimes 
(yfs = 10 TeV and y/s = 14 TeV) to compare with the W + W~ production. It 
is clear from the plot that, even for y/s = 10 TeV, the production of bileptons 
pairs with My < 300 GeV is larger than W pair production, allowing for a large 
number of events originated from bilepton decay. For a low LHC luminosity 
around 1 fb^ 1 and cm. energy of 10 TeV it can be produced a thousand of 
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Figure 1: The Fcynman diagrams for q + q — > V + + V process with s-channel 
and t (u)-channcl contributions. 

My ~ 300 GeV pairs. For ^fs = 14 TeV the same number of pair can be 
produced for My ~ 450 GeV. This scenario is related to a very massive extra 
neutral gauge boson existence. 



4 Conclusions 

In this paper we focus on the bilepton (V^) pair production in pp collision at 
LHC. This particle is predicted in many extensions of the SM and in particular 
in the 3-3-1 model used in the present paper. We restrict our calculation to a 
version of the model where the bilepton mass is related to the mass of the extra 
neutral gauge boson Z' , also predicted in the model. For the range of the extra 
neutral gauge boson mass considered here, the dominant decay is leptonic 
(vg+£). The hadronic channel (Ji + Qi) will open when Mz< = 2 TeV, associated 
with a bilepton heavier than 600 GeV. For the elementary Drell-Yan process, 
there are the contributions of 7, Z, and Z' in the s-channel and the exotic quark 
in the t-channcl. J\ is exchanged when the initial quark of colliding proton is 
an up-type quark, but when the down-type quark is participating, j% and j'3 are 
exchanged. This is a consequence of our choice for family quark representation. 
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Figure 2: The elementary total cross section for the process q + q — ► W + + W 
for the SM. 
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Figure 3: The partial amplitudes the process u + u — > V + + V for the 3-3-1 
model considering M z > = 800 GeV and Mj, = 600 GeV. 
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d + dbar -> V + + V 




400 800 1200 1600 2000 

V s (GeV) 



Figure 4: The partial amplitudes the process d + d — > V + + V for the 3-3-1 
model considering M z > = 800 GeV and M h = M ja = 600 GeV. 
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Figure 5: The elementary cross section for uu and dd sub-process for Mz> = 800 
considering only the s— channel contributions. 
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u + ubar -> V + + V 




Figure 6: The elementary total cross section for the process u + u — > V + + V 
for the 3-3-1 model considering M z > = 800 GcV, 1000 GeV and 1200 GeV and 
M, h = 600 GcV. 
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d + dbar -> V + + V 




Figure 7: The elementary total cross section for the process d + d — > V + + V 
for the 3-3-1 model considering M z > = 800 GeV, 1000 GeV and 1200 GeV and 
M h = M h = 600 GeV. 



18 



p + p^V + + V + X 
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Figure 8: The total cross section for the process p + p — > V + + V + X against 
M v for the 3-3-1 model considering yfa = 10 TeV and y 7 ! = 14 TcV. The 
horizontal line is the SM. 
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M z < (GeV) 


T z > (GeV) 


M v ± (GeV) 


T v ± (GeV) 


800 


117 


217 


1.84 


1000 


149 


271 


2.28 


1200 


181 


407 


3.44 



Table 3: Some widths for new gauge bosons Z' and in the minimal 3-3-1 
model. 

The correct high energy behavior of the elementary cross section follows from 
the balance between the individual contributions. In order to emphasize the role 
of the exotic quark contribution, we present in the Figure 5 the " bad" behavior 
of the elementary cross section in the absence of the t-channel contribution for 
a fixed Z' mass, we see clearly that the uu sub-process violates "softly" the 
unitarity bound and dd leads to a more severe violation. As expected, the dd 
process is more sensitive than uu, because this channel receives additional exotic 
quark contribution. 

When considering the t-channel contribution we take into account the mixing 
of quark mass eigenstates originated from the Yukawa coupling. In this work 
we have obtained a set of mixing parameters allowing to a good behavior for 
the elementary cross section, for different Mz>- These parameters are related 
to our particular choice for SU (3)l family representation. This result does not 
exclude any other choice for quark representation. 

In the 3-3-1 model, Z' couples to the quarks in a non universal way leading 
to the existence of flavor changing vertices. As a consequence, the quark mixing 
parameters are also present in Z' quark vertices. We display in the Tables I and 
II our results for the flavor changing couplings. 

In order to obtain the total cross section for the production of bilepton 
pairs we employed the cut on the final particle pseudo-rapidity. Considering 
a conservative integrated luminosity value and yfs = 10 TeV we predict the 
production of a thousand of My ~ 300 GeV pairs mainly due to the contribution 
from Mz 1 — 1 TeV. For y/s = 14 TeV the same number of events is obtained 
for My ~ 450 GeV pairs, associated to a Mz> — 1.4 TeV. One can ask about 
the possibility of Tevatron to find a large amount of bileptons. In fact, as our 
prediction lies on a large Mz> (greater than 800 GeV), the required energy 
per quark for an individual sub-process qq would be larger than 500 GeV not 
available at Tevatron, where the energy beam is about 900 GeV. For this reason 
the Tevatron gives M z > > 600 GeV. 

Finally, we observe that it is possible to distinguish the leptons coming from 
bileptons with those from the background of W decay. In contrast with W ± 
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which decays into T>g £, the charged lepton coming from the bilepton decay has a 
large transverse momentum. A useful px cut can eliminate this SM background. 

We conclude that a large number of single charged bilepton pairs can be 
produced in the early stage of the LHC. 
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